Background: Global targets call for a 75% reduction in new HIV infections and AIDS deaths between 2010 and 2020. UNAIDS supports countries to measure progress towards these targets. In 2019, this effort resulted in revised national, regional and global estimates reflecting the best available data.
Background
The HIV epidemic has affected populations around the world. Ministers of health, ministers of finance, donors and programme managers require high-quality data to determine how to respond and fund the HIV response [1] . Critical to those decisions is sound epidemiological data on new HIV infections and AIDS-related deaths. Global and country leaders have also set ambitious targets that, if met, will reduce the impact of the epidemic on future populations and end AIDS by 2030. Specific targets were set within the United Nations Political Declaration on HIV/AIDS in 2016 to reduce new HIV infections and AIDS-related deaths by 75% between 2010 and 2020 and by 95% between 2010 and 2030 [2] . Countries agreed to report on their progress towards the Sustainable Development Goals using HIV incidence [3] .
To understand progress towards these targets and plan the response to the HIVepidemic, countries require measures of new HIV infections, people living with HIV (PLHIV), and AIDS-related deaths. UNAIDS and partners work with countries to improve capacity to measure these indicators. Efforts to develop surveillance systems include developing and producing guidelines on surveillance, moving countries towards sustainable routine data systems including case surveillance and using routine testing of pregnant women for surveillance, estimating key population size estimates, and considering how and when to implement surveys.
However, there are few reliable approaches to derive these indicators. Most measures of HIV incidence and mortality have biases or limited representativeness [4] [5] [6] . Cross sectional population-based surveys can be used to estimate HIV prevalence and incidence (and efforts are underway to incorporate mortality) in countries where HIV prevalence is sufficiently high to capture this relatively rare event with a reasonably large, and affordable, sample size. However, due to the high costs and human resources required for surveys, they are only conducted every 3-5 years, usually with significant donor contributions, making it difficult to regularly report on progress or trends over time. These surveys are also usually not sufficiently powered to provide credible estimates of HIV incidence by age, sex or at lower geographic levels [7] . Mortality can be captured through vital registration but the cause of death in these data are often flawed, especially for stigmatizing diseases such as HIV [8, 9] . Other innovative efforts to measure mortality such as mortuary studies and postcensus surveys have been developed but are not conducted routinely [10, 11] .
In the absence of high-quality measures, models, informed by multiple data sources and well founded assumptions, can produce robust estimates of HIV incidence, prevalence and mortality in a country [12] . Even in middle-income and high-income countries with reliable case surveillance and vital registration systems modelled estimates are needed to know the number of PLHIV who have not been diagnosed and to quantify the delay between new infection and diagnosis [13] .
UNAIDS and partners work with country teams to develop modelled HIVestimates using Spectrum software [14] . The country teams, including national epidemiologists, programme managers, UNAIDS country staff and other partners, ensure the country has ownership of the estimates and can use the modelling software for their own purposes of strategic planning and impact monitoring and for donor requests and reporting [15] . The estimates are used to measure success in operationalizing national HIV plans and adjusting those plans as needed.
Since 1998 UNAIDS has reported on the status of the HIV epidemic using modelled estimates in its flagship reports [1, [16] [17] [18] and on its public database (aidsinfo.unaids.org). This article is the first journal article describing the full set of global and regional UNAIDS HIV estimates, although articles describing country specific estimates [19] and specific populations [20, 21] have been published previously. The objective of this article is to provide an overview of the global and regional HIVepidemic and trends through 2018 and describe the use of those data for decision-making.
Methods
National HIVestimates are produced on an annual basis by country teams supported by UNAIDS staff and partners. In 2019, UNAIDS facilitated 12 regional workshops building the capacity of approximately 450 national officers, as well as United Nations and bilateral development partners' strategic information staff. At the workshops participants develop expertise in the use of Spectrum to create rigorous, country-owned estimates. The country-developed Spectrum files are reviewed by UNAIDS headquarters and regional staff for quality assurance. Once completed the estimates are approved by authorities in countries before they are compiled for release in UNAIDS' reports and publicly-accessible database. (The list of contributors to those national Spectrum files is available from UNAIDS upon request.) More information on the process of developing estimates is available elsewhere [22] .
The UNAIDS Reference Group on Estimates, Modeling and Projections provides transparent guidance on the software ensuring the best science is used to estimate the epidemic, inform model assumptions, and use the latest statistical and mathematical modelling approaches. The group's meeting reports are available on the Reference Group website (www.epidem.org).
The methods used in the 2019 round of HIVestimates are described in other articles in this supplement. Summaries of the methodological developments made to the models over the course of the 15 years of development have been published biennially in peer-reviewed journals since 2004 [23] [24] [25] [26] [27] [28] [29] . In brief country teams used Spectrum software that was prepopulated with demographic data from the United Nations Population Division, World Population Prospects 2017 [30] . These underlying demographic data are updated as the United Nations Population Division releases new population estimates. Country teams can also modify the demographic data if they have evidence from a very recent census or survey that is not included in the World Population Prospects. In addition, country teams can create subnational Spectrum files (one file for each province), depending on the availability of subnational population, surveillance and programmatic data.
Trends in HIV incidence are calculated through different options depending on the data available. In most generalized epidemic countries, HIV prevalence data from nationally representative household surveys, and antenatal clinic attendees are used to estimate trends in HIV prevalence over time [31] . In concentrated epidemics surveillance data on HIV prevalence from key populations, integrated behavioural and biological surveys, and key population size estimates are used to determine prevalence trends over time. These prevalence trends are transformed into incidence based on country data on how many people are receiving antiretroviral therapy (ART) and regionspecific assumptions about survival on and off ART [32] . In 13 Asian countries the AIDS Epidemic Model (AEM, formerly referred to as the Asian Epidemic Model) is used to estimate the incidence curve. The AEM model uses data on behaviours and transmission probabilities between different subpopulations to estimate an incidence curve [33] . In South Africa a country-specific model, Thembisa, is used to estimate the incidence trends incorporating data from antenatal clinic sentinel surveillance, household surveys, programme data and behavioural data [34] . Finally, in countries with good-quality case surveillance and AIDS mortality from vital registration data, the incidence curve is informed by a model using new diagnoses and assumptions about time from infection to diagnosis, cumulative case surveillance and AIDS deaths [35] . In 2019, 63 countries used the case surveillance modelling method or the European Center for Disease Control methods to determine incidence trends [36] .
The incidence estimates generated with these different options are then used in the Spectrum AIDS Impact Module where they are distributed by age and sex based on household survey data, if available, or regional-specific and epidemic-specific assumptions for the remaining countries. Using the incidence patterns the population is then progressed over time from infection to treatment (or lack of treatment) to death. Additional programmatic data that are used in the model include the number of men, women and children receiving ART and the number of pregnant women receiving antiretroviral medicines to prevent vertical transmission. Spectrum estimates the number of child infections based on a child model that incorporates estimates of fertility among women living with HIV, antiretroviral regimens received by those women, breastfeeding duration and assumptions about transmission and survival of those children.
Indicators produced in Spectrum are available by 5-year age group and sex. In addition to incidence, mortality and prevalence the software package also produces estimates of orphan-hood due to HIV, mother-to-child transmission rate, births to women living with HIV, deaths due to all causes among PLHIV, estimates of CD4 þ distribution among those not on ART, ART status at death, population on ART by age, among other indicators.
Estimates for 2019 were produced for the years 1970 through 2018. Each indicator is estimated with an uncertainty range that reflects the surveillance data used in the model as well as the uncertainty around the parameters used in Spectrum. Figure 1 shows the model structure of the AIDS Impact module.
Estimates teams from 151 countries developed their own estimates while a further 19 country estimates were produced by UNAIDS using data abstracted from publicly available sources. Since 2015, 20 countries have created subnational estimates, allowing more granular understanding of the epidemic in those countries [37] . In 2019, 20 sub-Saharan African countries disaggregated their national estimates to the district-level (the second lower subnational level) for even finer planning. Countries used different methods to disaggregate the estimates including the HIVE model, the distribution of prevalence among women attending antenatal clinics, and small area estimates [38, 39] .
Lists of the countries included in each of the UNAIDS regions are available at www.unaids.org.
Results
Globally there were an estimated 37.9 million (32.7-44.0 million) PLHIV in 2018. This represents an increase from 24.9 million (21.5-28.9 million) in 2000 and 31.7 In 2019, two countries made substantial changes to their estimates based on newly available evidence. These changes had important impacts on the regional estimates. China created Spectrum estimates for each of their 34 regions in 2018. The estimated number of PLHIV in the country was about 500 000 higher than what had previously been estimated by UNAIDS based on publicly available information [40] . In 2018, Nigeria conducted a statistically well powered household survey to estimate prevalence in each of the 36 states and the capital territory. [41] . Changes in the PLHIV in China and Nigeria affect both estimates of programme achievement such as antiretroviral therapy coverage and declines in incidence and AIDS-related mortality. The adjustments to the estimates for both China and Nigeria were based on new information, resulting in a revised full set of historical HIV estimates.
Discussion
The HIV estimates developed in 2019 suggest that, based on progress through 2018, no region or country had reached the 2020 targets of a 75% reduction in new HIV infections or AIDS-related deaths from 2010 estimates. In addition, no region had reached a 60% decline by 2018, the decrease required to be 'on track' to reach a 75% decline by 2020. Given the available evidence on the effectiveness of HIV prevention and treatment, the lack of global and regional progress is alarming. Especially troubling is that more than 30 years into the epidemic three of eight regions have increasing HIV incidence and two have increasing mortality.
Coverage of antiretroviral therapy scaled-up quickly between 2005 and 2018, however the year on year increases in recent years are stagnating [42] . The impact of this stagnation will slow the decline in AIDS deaths as well as new HIV infections. The estimated number of PLHIV continues to increase reflecting in part the success of reaching more people with antiretroviral therapy and the subsequent reductions in AIDS-related deaths.
Country-specific progress within regions provides more specific data on successes and where more effort is needed. Three countries were on track to reach the decline in new HIV infections and four countries were on track to reach the reduction in AIDS-related deaths by 2018. These countries reached a 60% decline in new infections or AIDS-related deaths respectively.
In addition to the UNAIDS HIV estimates, the Institute for Health Metrics and Evaluation, based at the University of Washington, USA, has also published estimates of regional and global HIV incidence and mortality [43] . These estimates have used publicly available UNAIDS Spectrum files from previous rounds. The Spectrum files are modified to fit within an envelope of total deaths as determined by the Global Burden of Disease estimates. The results are largely consistent with the UNAIDS estimates from previous rounds but do not reflect the latest surveillance or antiretroviral therapy data.
They also fail to capture the most recent modifications implemented by the country teams that produce, analyze and fully understand the data going into the models.
As a result of this effort, 170 countries (with populations of at least 250 000) have the capacity to produce, or access, robust estimates and measures of progress towards the Political Declaration on HIV targets. Programme managers and policy makers in these countries use this information, in addition to other programmatic data, to plan and respond to their HIV epidemic. Many countries further use the Spectrum model to determine interventions that are the most effective and efficient to meet national targets [44, 45] . PEPFAR's priority countries use subnational estimates of PLHIV derived from Spectrum to decide on geographical focus and to inform programme targets [15] .
At global and regional level the UNAIDS HIV estimates are used to make critical decisions about the HIV response. Reporting on the slow decline in HIV incidence spawned the UNAIDS Prevention Gap report and the corresponding Global Prevention Coalition and multiple country prevention plans to refocus their HIV response to prevention [17, 45, 46] . Also, the estimates have been used as evidence for the US Government to continue funding PEPFAR, the largest donor in the HIV response [47, 48] . The Global Fund to fight AIDS, Tuberculosis and Malaria relies on the UNAIDS estimates to determine eligibility for funding and determine impact [49] .
Recent population-based surveys have started estimating national HIV incidence [50] providing a useful comparison with the model-derived incidence. UNAIDS estimates are consistent with national HIV incidence collected through these cross-sectional surveys. If the survey incidence data are available at the same subnational level as the model, those data can be included in the curve fitting process in Spectrum. In seven of eleven countries with survey-derived incidence, the information was not available at the required subnational level to allow for direct inclusion in Spectrum. In those countries the aggregated national estimate of incidence from Spectrum was within the confidence interval of the survey (Fig. 3) .
Only a few countries have conducted household surveys with the statistical power to measure HIV prevalence among children. Prevalence among children is not an input to Spectrum but can be used to validate the modelled estimates. An analysis of the 2018 UNAIDS estimates found prevalence among children 0-14 years was within the confidence intervals of the household surveys in five of six countries [51] . The 2019 estimates, using an improved methodology, remain within the survey confidence intervals for ten of eleven countries with available data (data not shown). estimation of HIV epidemics in concentrated epidemics [55] .
Third, although HIV prevalence among children appears to be reasonably robust in generalized epidemics, estimating the paediatric HIV epidemic in concentrated epidemics remains a challenge because no robust measures exist of fertility among key populations living with HIV. Other limitations in all epidemics include potentially weak assumptions about AIDS mortality among children not receiving ART due to the lack of evidence, which, appropriately, will not be available in the future.
Finally, additional research is needed to improve the assumptions about time from seroconversion to diagnosis when using case surveillance to estimate incidence.
The UNAIDS 2019 estimates provide evidence that the world is off track from reaching established targets for reductions in new HIV infections and AIDS-related deaths globally and in all regions. The UNAIDS estimates provide countries with the ability to measure progress towards the 2016 Political Declaration goals and the Sustainable Development Goal target 3.3.1. The estimates continue to be a cornerstone for Global Fund impact measurement and for demonstrating the benefits of the US Government's Emergency Plan for AIDS Relief. The process of developing UNAIDS estimates builds capacity in countries to understand epidemics and to refine and focus services to PLHIV to reduce new HIV infections and AIDS-related deaths.
